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DESCRIPTION 

PLASMA PROCESSING APPARATUS AND MULTI-CHAMBER SYSTEM 

5 Technical Field 

[000 1 ] The present invention relates to a plasma processing apparatus and a 
multi-chamber system having the same. 

Background Art 

[0002] A plasma processing apparatus, for example, a plasma CVD (Chemical Vapor 
10 Deposition) apparatus supplies a process gas into a chamber for loading a process target, 
for example, a semiconductor wafer, generates a plasma in the chamber by applying a 
predetermined high-frequency voltage, and applies a predetermined process on the 
semiconductor wafer by the plasma. 

[0003] The chamber wall of the plasma CVD apparatus has a stable potential and a 
1 5 low impedance. Therefore, the plasma is likely to be generated with the chamber wall 
present near a mounting table on which the semiconductor wafer is mounted serving as an 
opposite electrode. This makes it difficult for the plasma generated in the chamber to be 
concentrated in the process area between a showerhead, from which the process gas is 
blown, and the mounting table on which the semiconductor wafer is mounted, 
20 [0004] In a case where the plasma is not concentrated in the process area, there exists 
much plasma that does not work on the semiconductor wafer, and therefore a problem 
arises that the plasma processing efficiency becomes poor. There also arises a problem 
that the quality, the film thickness, etc. of the film to be formed on the semiconductor 
wafer are likely to be uneven. 
25 [0005] Hence, for example, according to Patent Literature i, the mounting table is 
circumferentially surrounded with a thin dielectric material, in order to prevent the plasma 
from going and extending considerably beyond the neighborhood of the semiconductor 
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wafer mounted on the mounting table. 

Patent Literature 1 : National Publication No. 200 1 -5 1 6948 
Disclosure of Invention 
Problem to be Solved by the Invention 

5 [0006] However, the above-described thin dielectric material merely prevents the 
plasma from going and extending considerably beyond the neighborhood of the 
semiconductor wafer, thus cannot sufficiently prevent the plasma from spreading beyond 
the above-described process area. Therefore, there has still been arising the problem that 
the plasma processing efficiency is poor and the quality, the film thickness, etc. of the 

10 film formed on the semiconductor wafer are likely to be uneven. 

[0007] The present invention was made in view of the above-described problems, 
and an object of the present invention is to provide a plasma processing apparatus which 
realizes an efficient plasma process, and a rnulti -chamber system having the same. 

Another object of the present invention is to provide a plasma processing 

1 5 apparatus which confines the plasma in the area above the process target placed in the 
chamber, and a multi-chamber system having the same. 

Means for Solving the Problems 
[0008] To achieve the above objects, a plasma processing apparatus of the present 
invention is a plasma processing apparatus for applying a plasma process to a process 

20 target, and comprises: a process chamber for applying a plasma process to the process 
target; a mounting table, provided in the process chamber, for mounting thereon the 
process target; a process gas supply unit for supplying a process gas for applying the 
plasma process to the process target into the process chamber; a plasma generation unit 
for generating plasma of the process gas supplied by the process gas supply unit by 

25 applying a high-frequency voltage; and a dike for confining the plasma generated by the 
plasma generation unit in an area above the process target mounted on the mounting table, 
wherein the dike comprises a conductive member formed of a conductor, and the 
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conductive member is grounded, 

[0009] The dike may comprise the conductive member formed of a conductor and an 
insulating member which covers the conductive member and electrically insulates 
between the conductive member and the mounting table. 
5 [00 1 0] The dike may comprise a protruding portion which is formed to be higher 
than the process target mounted on the mounting table, so as to surround the area above 
the process target. 

[001 1] An interval between a top end of the dike and an inner wall of the process 
chamber may be 85 mm or smaller. 

1 0 The interval may preferably be 30 mm or smaller, further preferably, 25 mm 

or smaller. 

[0012] The plasma processing apparatus may further comprise a lifting unit for 
lifting up or down the dike in the process chamber. 

The plasma processing apparatus may further comprise a lifting unit for 
1 5 lifting up or down the dike and the mounting table in the process chamber. 

[00 1 3] To achieve the above objects, a multi-chamber system according to the 
present invention is characterized in that the above-described plasma processing 
apparatus is provided in at least one chamber. 

Effects of the Invention 
20 [0014] According to the present invention, it is possible to confine the plasma in the 
area above the wafer placed in the chamber, and to realize an efficient plasma process. 

Brief Description of Drawings 
[0015] [FIG. 1] It is a diagram showing a structure of a plasma processing apparatus 
according to an embodiment of the present invention. 
25 [FIG. 2] It is a perspective diagram of a dike constituting the plasma 

processing apparatus of FIG. 1. 

[FIG. 3] It is a diagram showing an interval between the dike and a chamber 
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constituting the plasma processing apparatus of FIG. 1. 

[FIG. 4] It is a diagram showing a structure of a multi-chamber system 
according to an embodiment of the present invention. 

[FIG. 5] It is a diagram showing another structure of the plasma processing 
5 apparatus according to an embodiment of the present invention. 

[FIG. 6] It is a diagram showing another structure of a plasma processing 
apparatus according to an embodiment of the present invention. 

Explanation of Reference Numerals 
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dike lifting device 
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chamber 
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1 0 Best Mode for Carrying Out the Invention 

[0017] A plasma processing apparatus according to the present invention and a 
multi-chamber system comprising the plasma processing apparatus will be explained 
below. The following explanation will be made by employing a plasma CVD (Chemical 
Vapor Deposition) apparatus as an example of the plasma processing apparatus. 

15 FIG, 1 is a diagram showing the structure of the plasma processing apparatus 

according to an embodiment of the present invention. 

[0018] As shown in FIG. 1, the plasma processing apparatus 1 according to an 
embodiment of the present invention comprises a chamber 2, a gas ejection device 3, a 
process gas supply device 4, a first high-frequency power source 5, a first matching 
20 device 6, a second high-frequency power source 7, a second matching device 8, and a 
control device 9. 

[0019] The chamber 2 is formed of a conductive material, for example, formed of 
aluminum subjected to almite treatment (anodizing) or the like. The chamber 2 is 
grounded. 

25 [0020] A gas ejection tube 1 1 for ejecting gas in the chamber 2 and a gate valve 12 
for a wafer (semiconductor wafer) W as the process target to be carried in or out, are 
provided at the side wall of the chamber 2. Carrying in or out of the wafer W is 
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performed between a later-described load lock chamber which joins with the chamber 2, 
while the gate valve 12 is opened, 

[0021] A process gas supply tube 13 for introducing a process gas into the chamber 2, 
and a showerhead 14 which is connected to the process gas supply tube 13 to serve as a 
5 supply opening for the process gas supplied through the process gas supply tube 13 are 
provided on the top of the chamber 2. The showerhead 14 is formed of a hollow 
aluminum or the like having multiple holes in its bottom. The showerhead 14 spreads 
the process gas from the process gas supply tube 13 to supply it to the entire surface of 
the wafer W uniformly, and also serves as an upper electrode. 
10 [0022] A support table 15 is set at generally the center of the bottom of the chamber 
2. A susceptor 16 to serve as a mounting table on which the wafer W is mounted and to 
serve as a lower electrode is set on the support table 15, The susceptor 16 is set to be 
opposite to the showerhead 14 serving as the upper electrode. 

[0023] A plurality of lift pins 15a, which are lifted up or down by an unillustrated 
15 lifting mechanism are provided inside the support table 15. The wafer W carried into 
the chamber 2 is mounted on the lift pins 15a being lifted up, and is mounted on the 
susceptor 16 as the lift pins 15a are lifted down. Further, the wafer W subjected to a 
plasma process is separated from the susceptor 16 as the lift pins 15a are lifted up. The 
length of the lift pins 15a is set such that the wafer W can be lifted to a higher position 
20 than a later-described dike 1 8, when the wafer W is carried in or out. 

[0024] A flow path 15b for circulating a refrigerant such as Fluorinert.TM. or the 
like is formed inside the support table 15. The flow path 15b is connected to an 
unillustrated refrigerant supply device through a refrigerant supply tube 17, As the 
refrigerant supplied from the refrigerant supply device circulates through the flow path 
25 15b, the temperature of the susceptor 16 and wafer W mounted on the susceptor 16 is 
controlled to a predetermined temperature. 

[0025] A dike 18 as shown in FIG. 2, which surrounds the support table 15 and the 
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susceptor 16 are provided around the support table 15 and the susceptor 16. The dike 18 
has a protruding portion 18c, which is formed to be higher than the wafer W mounted on 
the susceptor 16, so as to surround the area above the wafer W, i.e., a process area R 
between the wafer W (or the susceptor 16) mounted on the susceptor 16 and the 
5 showerhead 14. The dike 18 is provided in order to confine plasma generated in the 
chamber 2 in the process area R. 

[0026] The cross-sectional shape and height of the protruding portion 18c (the 
portion protruding from the surface of the susceptor 16) of the dike 18 are set so as to be 
capable of substantially confining plasma in the aforementioned process area R. In other 
10 words, the cross-sectional shape and height of the protruding portion 18c are set such that 
any influence upon the process of the wafer W, that may be given by plasma spreading 
outside the aforementioned process area R, can be ignored. 

[0027] Such cross-sectional shape and height of the protruding portion 18c are 
determined beforehand by theoretical calculations or experiments, etc. For example, 
15 that the interval L between the top end of the protruding portion 18c and the inner wall of 
the chamber 2 shown in FIG. 3 is preferably 85 mm or smaller, more preferably, 30 mm 
or smaller, still further preferably, 25 mm or smaller. 

[0028] Further, the height of the protruding portion 1 8c is set in accordance with the 
pressure in the chamber 2, the density of plasma to be generated, etc. For example, in a 

20 case where the pressure in the chamber 2 is 500 to 1 100 Pa and the plasma density is 10 9 
to 10 n /cm 3 , the interval L between the top end of the protruding portion 18c and the 
chamber 2 shown in FIG. 3 is set to be further small, to 5 mm or smaller, preferably, 2.5 
mm or smaller, still further preferably, 0.8 mm or smaller. In a case where the interval L 
is so small as described just above, it is preferred that the dike 18 be structured to be able 

25 to lift up or down as shown in FIG. 5 and FIG. 6 as will be described later. 

[0029] The dike 18 has a conductive member 18a formed of a conductor. 
According to the present embodiment, the dike 18 comprises the conductive member 18a 
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and a covering member 18b. The conductive member 18a is constituted by a conductor 
such as aluminum or the like, and grounded. The covering member 18b is constituted by 
an insulator such as ceramic or the like, which covers the conductive member 18a and 
electrically insulates between the conductive member 18a and the support table 15 and 
5 susceptor 16, 

[0030] Since the conductive member 18a of the dike 18 is grounded as described 
above, the conductive member 18a (i.e., the dike 18) has a stable potential and a low 
impedance. Since this makes plasma be generated with, not the wall of the chamber 2, 
but the conductive member 18a serving as the opposite electrode, it is possible to securely 
10 prevent the plasma from spreading outside the dike 18. 

[0031] The gas ejection device 3 is connected to the chamber 2 via the gas ejection 
tube 11. The gas ejection device 3 has a vacuum pump, and sets the pressure in the 
chamber 2 to a predetermined pressure (for example, 800 Pa) by ejecting gas in the 
chamber 2. 

15 [0032] The process gas supply device 4 is connected to the chamber 2 via the gas 
supply tube 13, and supplies a process gas necessary for processing the wafer W into the 
chamber 2 at a predetermined flow rate (for example, 1000 seem). 
[0033] The first high-frequency power source 5 is connected to the susceptor 16 
serving as the lower electrode via the first matching device 6, and applies a 

20 high-frequency wave of, for example, 13*56 to 100 MHz to the susceptor 16. 

[0034] The second high-frequency power source 7 is connected to the showerhead 14 
serving as the upper electrode via the second matching device 8, and applies a 
high-frequency wave of, for example, 0.8 to 13.56 MHz to the showerhead 14. 
[0035] The control device 9 is constituted by a microcomputer or the like, and stores 

25 a program for applying a plasma process to the wafer W. The control device 9 controls 
the operation of the entire plasma processing apparatus 1 in accordance with the stored 
program, and performs a plasma CVD process on the wafer W placed in the chamber 2 to 
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form a film of a predetermined kind on the wafer W. 

[0036] Next, a multi-chamber system comprising the plasma processing apparatus 1 
constituted as described above will be explained. 

FIG. 4 is a diagram showing the structure of the multi-chamber system 
5 according to an embodiment of the present invention. 
[0037] As shown in FIG. 4, the multi-chamber system 51 comprises a 
carry-in/carry-out chamber 52, a first transfer chamber 53, a load lock chamber 54, a 
second transfer chamber 55, and a plurality (four according to the present embodiment) of 
chambers 56 (56a to 56d), 

10 [0038] The cany-in/carry-out chamber 52 is a room for carrying in or carrying out a 
process target, for example, a wafer (semiconductor wafer) to or from the multi-chamber 
system 51, and accommodates a plurality of cassettes 57 containing wafers. The 
carry-in/carry-out chamber 52 accommodates cassettes 57 that contain unprocessed 
wafers which are to be processed, and cassettes 57 that contain processed wafers. 

15 [0039] The first transfer chamber 53 is a room that joins the cany-in/carry-out 
chamber 52 and the load lock chamber 54. A first transfer arm 58 is mounted in the first 
transfer chamber 53. The first transfer arm 58 transfers the wafer, and the wafer is 
carried in or carried out to or from the carry-in/carry-out chamber 52 or the load lock 
chamber 54, 

20 [0040] The load lock chamber 54 is a room that joins the first transfer chamber 53 
and the second transfer chamber 55 and carries in or carries out the wafer to or from the 
first transfer chamber 53 or the second transfer chamber 55, 

[0041] The second transfer chamber 55 is a room that joins each chamber 56 and the 
load lock chamber 54. A second transfer arm 59 is mounted in the second transfer 
25 chamber 55. The second transfer arm 59 transfers the wafer, and the wafer is carried in 
or carried out to or from the load lock chamber 54 or each chamber 56. 
[0042] Processing apparatuses suitable for the processes to be applied to the wafer is 
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provided in the chambers 56 (56a to 56d). For example, according to the present 
embodiment, the plasma processing apparatus 1 according to the present invention is 
provided in the chamber 56a, and other processing apparatuses are provided in the 
chambers 56b to 56d. 

5 [0043] The second transfer chamber 55 and each chamber 56 are maintained at a 
vacuum by an unillustrated vacuum control unit comprising a vacuum pump, a valve, etc. 
The load lock chamber 54 is structured to be able to be switched between a vacuum and a 
normal pressure by the vacuum control unit. 

[0044] The first transfer chamber 53 and the load lock chamber 54 are connected via 
10 gate valves 60, and the load lock chamber 54 and the second transfer chamber 55 are 
connected via gate valves 61 . The second transfer chamber 55 and each chamber 56 are 
connected via a gate valve 62. 

[0045] A control unit 63 is connected to the first transfer arm 58, the second transfer 
arm 59, the gate valves 60, the gate valves 61, the gate valves 62, etc. The control unit 

15 63 is constituted by a microcomputer or the like, and controls the operation of the entire 
multi-chamber system 51. For example, the control unit 63 controls the moves of the 
first transfer arm 58 and second transfer arm 59, and opening/closing of the gate valves 
60, gate valves 61, and gate valves 62, so that the wafer may be transferred to a 
predetermined position. Thus, the wafer is transferred by the first transfer arm 58 from 

20 the cassette 57 accommodated in the carry-in/carry-out chamber 52 to the load lock 
chamber 54 via the first transfer chamber 53 and the gate valve 60. Then, the wafer in 
the load lock chamber 54 is transferred by the second transfer arm 59 to each chamber 56 
via the gate valve 61, the second transfer chamber 55, and the gate valve 62. 
[0046] Next, the operations of the plasma processing apparatus 1 and multi-chamber 

25 system 51 constituted as described above will be explained. The operations of the 
plasma processing apparatus 1 and multi-chamber system 51 to be described below are 
performed under the control of the control device 9 and the control unit 63. 
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[0047] First, the control unit 63 controls the first transfer arm 58 to take out an 
unprocessed wafer W from the cassette 57 containing unprocessed wafers W to be 
processed and transfer the wafer W to the load lock chamber 54 via the gate valve 60. 
Next, the control unit 63 controls the unillustrated vacuum control unit to vacuum the 
5 load lock chamber 54. Then, the control unit 63 controls the second transfer arm 59 to 
transfer the unprocessed wafer W in the load lock chamber 54 to the chamber 56a (plasma 
processing apparatus 1) via the gate valve 61 and the gate valve 62 (12) and mount the 
wafer W on the lifted up the lift pins 1 5a of the plasma processing apparatus 1 , 
[0048] When the unprocessed wafer W is mounted on the lift pins 15a, the control 
10 device 9 controls the unillustrated lifting mechanism to lower the lift pins 15a to mount 
the unprocessed wafer W on the susceptor 16. 

[0049] Since the control device 9 supplies the refrigerant to the flow path 15b in the 
support table 15 by controlling the unillustrated refrigerant supply device, the temperature 
of the wafer W is set to a predetermined temperature when the wafer W is mounted on the 

15 susceptor 16. Further, the control device 9 controls the gas ejection device 3 to eject the 
gas in the chamber 2 to set the pressure in the chamber 2 to a predetermined pressure. 
[0050] Next, the control device 9 controls the process gas supply device 4 to supply 
the process gas into the chamber 2 at a predetermined flow rate. Then, the control 
device 9 controls the second high-frequency power source 7 to apply a predetermined 

20 high-frequency voltage to the showerhead 14 serving as the upper electrode. Further, 
the control device 9 controls the first high-frequency power source 5 to apply a 
predetermined high-frequency voltage to the susceptor 16 serving as the lower electrode. 
Thus, plasma of the process gas supplied into the chamber 2 is generated and a 
predetermined film is formed on the wafer W by the generated plasma. 

25 [0051] Here, since the dike 18 is provided around the support table 15 and susceptor 
16 so as to surround the process area R, the generated plasma is confined in the process 
area R. Further, since the conductive member 18a of the dike 18 is grounded and the 



2006$ 6fl IB 15*27fl ASH I DA & KIMURA 

12 



NO. 9549 P. 18 



dike 18 thus has a stable potential and a low impedance so that not the wall of the 
chamber 2 but the conductive member 18a serves as the opposite electrode to generate the 
plasma, the plasma can be securely prevented from spreading outside the dike 18. Due 
to this, the plasma is concentrated in the process area R and the plasma process can thus 
5 be performed efficiently. Further, since the plasma can be prevented from spreading 
outside the process area R, it becomes easy to control the time for the process gas to stay 
in the process area R, the plasma intensity, the plasma distribution, etc. As a result, it 
becomes possible to control the quality, the film thickness, etc. of the film to be formed 
with a high accuracy, thereby to form a uniform film on the wafer W. 
10 [0052] When the process of the wafer W is completed, the control device 9 controls 
the unillustrated lifting mechanism to lift up the lift pins 15a 

» 

[0053] When the lift pins 15a are lifted up, the control unit 63 controls the second 
transfer arm 59 to accommodate the wafer W on the lift pins 15a into the load lock 
chamber 54 via the gate valve 62 (12) and the gate valve 6L Then, the control unit 63 

15 controls the first transfer arm 58 to transfer the wafer W in the load lock chamber 54 to 
the cassette 57 for accommodating processed wafers W via the gate valve 60, 
[0054] As explained above, according to the present embodiment, since the dike 1 8 
comprising the grounded conductive member 18a is provided so as to surround the 
process area R, the plasma is concentrated in the process area R and the plasma process 

20 can be performed efficiently. Further, it becomes easy to control the time for the process 
gas to stay in the process area R, the plasma intensity, the plasma distribution, etc. As a 
result, it becomes possible to control the quality, the film thickness, etc. of the film to be 
formed with a high accuracy, thereby to form a uniform film on the wafer W. 
[0055] The present invention is not limited to the above-described embodiment, but 

25 can be modified or applied in various manners. Other embodiments applicable to the 
present invention will be explained below. 

[0056] The above-described embodiment was explained by employing, as an 
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example, a case where the dike 18 comprises the conductive member 18a and the 
covering member 18b. However, the dike 18 may not comprise the covering member 
18b, but may comprise only the conductive member 18a. In this case, the conductive 
member 18a is formed of aluminum subjected to almite treatment (anodizing), or the like. 
5 [0057] The above-described embodiment was explained by employing, as an 
example, a case where the dike 18 is placed on the bottom in the chamber 2. However, 
for example, as shown in FIG. 5 and FIG. 6, the dike 18 may be structured to be able to 
lift up or down. In FIG. 5 and FIG. 6, illustration of some components shown in FIG. 1 
is omitted. 

10 [0058] In the plasma processing apparatus 1 shown in FIG. 5, the support table 15 is 
connected to a support table lifting device 22 via a shaft 21. The support table lifting 
device 22 lifts up or down the support table 15, the susceptor 16, and the dike 18 wholly 
in the chamber 2 in accordance with the control of the control device 9. The 
atmospheres inside and outside the chamber 2 where the lifting portion of the support 

15 table 15 are separated by bellows 23 formed of, for example, stainless. 

[0059] According to the above-described configuration, by the support table lifting 
device 22 lifting up the entire support table 15, the interval L between the dike 18 and the 
chamber 2 is kept sufficiently narrow while the wafer W is being processed. Due to this, 
plasma can be securely confined in the process area R, Further, in carrying in or 

20 carrying out the wafer W, by the support table lifting device 22 lifting down the entire 
support table 15, the wafer W can easily be carried in or carried out. 
[0060] Further, in the plasma processing apparatus 1 shown in FIG. 6, the dike 18 is 
connected to a dike lifting device 24 via a shaft 21, The dike lifting device 24 lifts up or 
down only the dike 18 in the chamber 2 in accordance with the control of the control 

25 device 9. Also in this case, the atmospheres inside and outside the chamber 2 where the 
lifting portion of the dike 18 are separated by bellows 23 formed of, for example, 
stainless. 
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[0061] According to the above-described configuration, by the dike lifting device 24 
lifting up the dike 18, the interval L between the dike 18 and the chamber 2 is kept 
sufficiently narrow while the wafer W is being processed. Due to this, plasma can be 
securely confined in the process area R. Further, in carrying in or carrying out the wafer 
5 W, by the dike lifting device 24 lifting down the dike 18, the wafer W can be easily 
carried in or carried out. 

[0062] The above-described embodiment was explained by employing, as an 
example, a case where the present invention is applied to the plasma CVD apparatus. 
However, the present invention can be applied to any apparatus as long as it is a plasma 

10 processing apparatus for processing a process target, for example, a semiconductor wafer 
by using plasma. For example, the present invention can be applied to apparatuses for 
performing, for example, plasma etching, plasma oxidation, plasma ashing, etc. Further, 
the process target is not limited to a wafer W, but may be, for example, a glass substrate 
for a liquid crystal display device, etc* 

15 [0063] The present invention is based on Japanese Patent Application No. 
2003-403950 filed on December 3, 2003 and including specification, claims, drawings 
and summary. The disclosure of the above Japanese Patent Application is incorporated 
herein by reference in its entirety. 

Industrial Applicability 

20 [0064] The present invention is useful for a plasma processing apparatus and a 
multi-chamber system having the same. 



